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'PRGHO6FDOGLVWRUHGXFHFRPSXWDWLRQWLPH

0D[LPRYD76PROGHUV69DQOHGH-
)ODQGHUV+\GUDXOLFV5HVHDUFK
%HUFKHPOHL$QWZHUS%RUJHUKRXW%HOJLXP
WDWLDQDPD[LPRYD#PRZYODDQGHUHQEH








$EVWUDFW²7KLVSDSHUGHVFULEHVDPHWKRGRORJ\RIXVLQJVWDWLVWLFDO
V\QWKHWLF ERXQGDU\ FRQGLWLRQV ZKLFK UHSUHVHQW ZDWHU OHYHO
IUHTXHQFLHV IRU D IXOO \HDU LQ D VKRUWHU SHULRG WR UHGXFH WKH
FRPSXWDWLRQ FRVW IRU D ODUJH ' PRGHO RI WKH 6FKHOGW HVWXDU\
6FDOGLV )RU HFRWRSH PDSSLQJ ZDWHU OHYHO IUHTXHQFLHV RI D IXOO
\HDU DUH QHFHVVDU\ WR FUHDWH WKH PDSV 7KH PRGHO LV UXQ IRU D
VKRUWHUSHULRGZKLFK LV VWDWLVWLFDOO\UHSUHVHQWDWLYH IRU WKHHQWLUH
\HDU
, ,1752'8&7,21
,Q WKH IUDPHZRUN RI WKH SURMHFWV ,QWHJUDO 3ODQ IRU WKH
8SSHU6HD6FKHOGWDQG$JHQGDIRUWKH)XWXUHDQLQWHJUDWHG
SODQLVGHYHORSHGLQZKLFKQDYLJDELOLW\VDIHW\DQGQDWXUHDUH
FRPELQHG&XUUHQWO\WKHFDSDFLW\RIWKH8SSHU6HD6FKHOGW LV
QRWVXIILFLHQWDQGLWKLQGHUVWUDIILFIORZV7KHULYHULVFODVVLILHG
DVFODVV,9URXWHXSVWUHDP%DDVURGHORFDWHGNPIURPWKH
PRXWK ,Q WKH IXWXUH LW LVGHVLUHG WRFODVVLI\ WKHHQWLUH8SSHU
6HD6FKHOGWDVDQDYLJDWLRQDOURXWHRI9DFODVV,WLVLPSRUWDQW
WKDW WKH GHVLJQ RI WKH HQODUJHPHQW OHDGV WR DPXOWLIXQFWLRQDO
6FKHOGW ZLWK DVVHWV IRU QDYLJDELOLW\ D VXVWDLQDEOH QDWXUDO
V\VWHPDQGJXDUDQWHHVIRUSURWHFWLRQDJDLQVWIORRGLQJ>@
$QLQWHJUDWHGPRGHOIRUWKH6FKHOGWHVWXDU\LVGHYHORSHGLQ
WKH 7(/(0$& ' VRIWZDUH 7KH 6FDOGLV PRGHO D QHZ
XQVWUXFWXUHG KLJK UHVROXWLRQ PRGHO RI WKH WLGDO 6FKHOGW LV
GHYHORSHG IRU WKH HQWLUH HVWXDU\ EXWZLWK VSHFLDO DWWHQWLRQ WR
WKH XSVWUHDP SDUWV 7KH XSVWUHDP SDUW  LV UHSUHVHQWHG LQ WKH
PRGHOJULGLQKLJKUHVROXWLRQUHVXOWLQJLQDODUJHH[WUDQXPEHU
RIFRPSXWDWLRQDOQRGHV
7KH PRGHO LV GHYHORSHG DQG FDOLEUDWHG IRU 
$IWHUZDUGV LW LV DGDSWHG IRU WKH \HDU  WR DQDO\VH WKH
HIIHFWV RI VHYHUDO VFHQDULRV RQ WKH K\GURG\QDPLFV VHGLPHQW
WUDQVSRUWDQGHFRORJ\7KHH[SHFWHGXQWLOFKDQJHVLQWKH
EDWK\PHWU\DUHLPSOHPHQWHGLQWKHPRGHO0RUHIORRGFRQWURO
DUHDV )&$ZLWK FRQWUROOHG UHGXFHG WLGH &57 DUH DFWLYH LQ
WKH PRGHO DFFRUGLQJO\ WR WKH 6LJPD SODQ >@7KH GH
HPEDQNHG DUHDV )&$¶V DQG &57¶V JRW DQ XSGDWH RI WKHLU
DYHUDJHEHGOHYHOWRDFFRXQWIRUVHGLPHQWDWLRQLQWKHVH]RQHV
6HDOHYHOULVHDQGLQFUHDVLQJRUGHFUHDVLQJWLGDODPSOLWXGHDUH
WDNHQLQWRDFFRXQWLQGLIIHUHQWVFHQDULRVIRU
)RU WKHHFRWRSHPDSSLQJ LW LVQHFHVVDU\ WRFDOFXODWHZDWHU
OHYHO IUHTXHQFLHV EDVHG RQ D IXOO \HDU +RZHYHU LW LV YHU\
FRVWO\ WR UXQ WKH'6FDOGLVPRGHO IRUVXFKDORQJSHULRG7R
OLPLW WKH FDOFXODWLRQ WLPH D GLIIHUHQW DSSURDFK LV XVHG 7KH
PRGHO LV UXQ IRU D VKRUWHU SHULRG ZKLFK LV VWDWLVWLFDOO\
UHSUHVHQWDWLYHIRUWKHHQWLUH\HDU
7KLV SDSHU GHVFULEHV PHWKRGRORJ\ XVHG IRU WKH VFHQDULR
DQDO\VLV IRU WKH \HDU  ZLWK WKH VWDWLVWLFDO V\QWKHWLF
ERXQGDU\FRQGLWLRQVZDWHUOHYHOVGRZQVWUHDPDQGGLVFKDUJHV
XSVWUHDP
,, 7+(180(5,&$/02'(/
$ &DOLEUDWHGPRGHOIRU
7KH7(/(0$&PRGHOGHYHORSHGLQWKHIUDPHZRUNRIWKLV
SURMHFWFRYHUVDODUJHSDUWRIWKH1RUWK6HDWKHHQWLUH6FKHOGW
HVWXDU\DQG WKH(DVWHUQ6FKHOGW8SVWUHDPWKHPRGHOH[WHQGV
WRWKHOLPLWVRIWKHWLGDOLQWUXVLRQ)LJXUH
7KH XVH RI DQ XQVWUXFWXUHG JULG DOORZV WR FRPELQH D ODUJH
PRGHO H[WHQW ZLWK D KLJK UHVROXWLRQ XSVWUHDP 7KH JULG
UHVROXWLRQYDULHVIURPPDWWKHRIIVKRUHERXQGDULHVWR
PLQWKH8SSHU6HD6FKHOGW
7KHPRGHOJULGFRQVLVWVRIQRGHVLQ'PHVKDQG
 HOHPHQWV ,Q WKH 'PRGHOZH XVH  OHYHOV WRWDOOLQJ
 RI QRGHV ZLWK WKH IROORZLQJ GLVWULEXWLRQ RI VLJPD
OD\HUV'''''
:LQG DQG VDOLQLW\ DUH LQFOXGHG LQ WKH PRGHO 7KH PRVW
UHFHQW DYDLODEOH EDWK\PHWU\ LV XVHG 7KH GRZQVWUHDP PRGHO
ERXQGDU\ LV ORFDWHG LQ WKH1RUWK VHD 6FDOGLV LV QHVWHG LQ WKH
UHJLRQDO =812 PRGHO RI WKH VRXWKHUQ 1RUWK 6HD 7KH WLPH
VHULHVRIWKHZDWHUOHYHOFDOFXODWHGLQ=812DUHGHILQHGDWWKH
GRZQVWUHDP ERXQGDU\ RI 6FDOGLV DIWHU FRUUHFWLRQ RI WKH
KDUPRQLF FRPSRQHQWV > @ 7KH XSVWUHDP ERXQGDU\ LV
ORFDWHG DW WKH WLGDO ERUGHU 7KHUH DUH  XSVWUHDP ERXQGDULHV
ZLWKSUHVFULEHGGLVFKDUJHDQGIUHHWUDFHU

)LJXUH0RGHOGRPDLQ
195
7KH PRGHO LV FDOLEUDWHG IRU  E\ FRPSDULVRQ RI WKH
PRGHOHGDQGPHDVXUHGZDWHUOHYHOVGLVFKDUJHVDQGYHORFLWLHV
>@ $IWHUZDUGV LW LV DGDSWHG IRU WKH \HDU  E\
LPSOHPHQWDWLRQRIWKHH[SHFWHGFKDQJHV>@
% 0RGHODGDSWDWLRQIRU
)RU WKH DQDO\VLV RI GLIIHUHQW VFHQDULRV LQ  VHYHUDO
FKDQJHVZHUHLPSOHPHQWHGLQWKHPRGHO
7KHPRGHOEDWK\PHWU\IRUWKHUHIHUHQFHVFHQDULRLVXSGDWHG
DFFRUGLQJO\ WR WKH 6XVWDLQDEOH 0DQDJHPHQW 3ODQ 7KLV SODQ
IRFXVVHVRQPDLQWDLQLQJ WKH IDLUZD\ZLWK UHVSHFW IRU WKH WLGDO
QDWXUH7KHGHVLJQHGEDWK\PHWU\ WDNHV LQWRDFFRXQW WKHQHHGV
IRU QDYLJDWLRQDQG WKHFKDUDFWHULVWLFVRI WKH ULYHU7KH LPSDFW
RQ WKH WLGDO QDWXUH LV OLPLWHG WR VSHFLILF DUHDV 7KH
K\GURG\QDPLFDQGPRUSKRORJLFDOSURFHVVHVFDQGHYHORSWRWKH
H[WHQWWKDWWKHVDIHW\DQGWLGDOQDWXUHDUHQRWHQGDQJHUHG7KH
6XVWDLQDEOH 0DQDJHPHQW 3ODQ DLPV WR RSWLPL]H WKH H[LVWLQJ
PDQDJHPHQW HIIRUWV IRU QDYLJDWLRQDQGSURWHFWLRQRI WKH ULYHU
EDQNV>@
7KHEDWK\PHWU\RIGLIIHUHQWDOWHUQDWLYHVZDVSURYLGHGE\D
SURMHFW SDUWQHU ,0'& ,W ZDV GHYHORSHG EDVHG RQ WKH
UHTXLUHPHQWV IRU DFFHVVLELOLW\ IRU VKLSV RI D FHUWDLQ FODVV
VKLSSLQJ VLPXODWLRQV DQG GHVLJQ UXOHV IRU QDYLJDWLRQDO
FKDQQHOV7KH VKDSHRI WKH ULYHU FKDQQHO LV GLIIHUHQW LQ VRPH
DOWHUQDWLYHVGXHWRWKHFKDQJHVRIULYHUZLGWKEHQGVVLOOVHWF
7KHPRGHOJULGKDGWREHDGDSWHGVRWKDWLWFDQEHXVHGIRUWKH
FDOFXODWLRQ RI WKH VFHQDULRV ZLWK GLIIHUHQW EDWK\PHWULHV $Q
H[DPSOH RI WKH FKDQJHV LPSOHPHQWHG LQ WKH PRGHO JULG LV
VKRZQLQ)LJXUH%DWK\PHWU\RI WZRGLIIHUHQWDOWHUQDWLYHVIRU
WKHVDPHORFDWLRQLVSUHVHQWHGLQ)LJXUHDQG)LJXUH
7KH QHZ JULG KDV  QRGHV LQ ' DQG 
HOHPHQWV7KLV LV  QRGHVPRUH WKDQ WKH JULGRI 6FDOGLV
 LQ ' ,Q '  OHYHOV WKH QHZ PRGHO JULG KDV
QRGHVLQWRWDO
0RUHIORRGFRQWURODUHDVDUHLPSOHPHQWHGLQWKHPRGHO$Q
HVWLPDWLRQLVPDGHDERXWWKHLQFUHDVHLQEHGOHYHORIWKH)&$¶V
ZLWK&57DQG WKH GHHPEDQNPHQWV E\ WKH \HDU  >@$Q
H[DPSOHRI)&$&57DUHDLVJLYHQLQ)LJXUH

)LJXUH&KDQJHVLQWKHPRGHOJULGQHDUWKHEHQGRI.UDPSLQWKH8SSHU6HD
6FKHOGWEOXHFRORXUJULGUHGFRORXUJULG

)LJXUH%DWK\PHWU\P7$:RI6FKDDIVFHQDULRDWWKHEHQGRI.UDPSWKH
DGDSWHGJULGDWWKHEDFNJURXQG

)LJXUH%DWK\PHWU\P7$:RI9D*VFHQDULRDWWKHEHQGRI.UDPSWKH
DGDSWHGJULGDWWKHEDFNJURXQG

)LJXUH)&$&577LHOURGHEURHN)&$&57'H%XQWDQGWKHGH
HPEDQNPHQWRI.OHLQ%URHN>@
196
$OO WKHVH DUHDV ZHUH DOUHDG\ LQFOXGHG LQ WKHPHVK RI WKH
6FDOGLV PRGHO IRU  ,Q WKH PRGHO UHSUHVHQWLQJ 
FXOYHUWV FRQQHFWLQJ )&$¶V DQG &57¶V DUH DFWLYDWHG 7KH
EDWK\PHWU\RIWKHIORRGFRQWURODUHDVLVXSGDWHG

,,, 0(7+2'2/2*<
$ ,QWURGXFWLRQ
7KHPRGHOZLOOEHXVHGWRHYDOXDWHWKHHIIHFWVRIGLIIHUHQW
DOWHUQDWLYHV VSHFLILHG PRUSKRORJ\ RI WKH 6FKHOGW ULYHU LQ D
VSHFLILFVWDWHDQGDWDVSHFLILFWLPHXQGHUGLIIHUHQWVFHQDULRV
DUDQJHRIERXQGDU\FRQGLWLRQVWRWDNHLQWRDFFRXQWVHDOHYHO
ULVH LQFUHDVLQJ RU GHFUHDVLQJ WLGDO DPSOLWXGH KLJK RU ORZ
GLVFKDUJH
7KHUH DUH IRXU GLIIHUHQW DOWHUQDWLYHV DQG IRXU VFHQDULRV LQ
7KLVUHVXOWVLQVLPXODWLRQV)RUWKHHFRWRSHPDSSLQJ
LW LVQHFHVVDU\ WRFDOFXODWHZDWHU OHYHO IUHTXHQFLHVEDVHGRQD
IXOO \HDU +RZHYHU LW LV YHU\ FRVWO\ WR UXQ WKH ' 6FDOGLV
PRGHO IRU VXFK D ORQJ SHULRG ,W WDNHV DERXW  KRXUV WR
VLPXODWH  GD\V XVLQJ  SURFHVVRUV SOXV LW WDNHV VHYHUDO
KRXUV WRDVVHPEOH WKHRXWSXW ILOHV'6HODILQ ILOHKDV VL]HRI
*EDQG'ILOHLV*EUXQRIGD\V,WZDVIRXQGWKDW
 SURFHVVRUV LV DQ RSWLPDO QXPEHU IRU UXQQLQJ WKLV PRGHO
>@7KHXVHRIDODUJHUQXPEHURISURFHVVRUVGRHVQRWGHFUHDVH
WKHVLPXODWLRQWLPH)LJXUH
,QWKHIUDPHZRUNRIWKLVSURMHFW LWZRXOGEHLPSRVVLEOHWR
UXQWKHPRGHOIRUWKHHQWLUH\HDUIRUVFHQDULRV7KHUHIRUHLW
ZDVQHFHVVDU\WRILQGDGLIIHUHQWDSSURDFKIRUWKHFDOFXODWLRQRI
\HDUPRGHORXWSXW

)LJXUH7(/(0$&'6FDOGLVPRGHOSHUIRUPDQFHRQ.8/&OXVWHU
7KLQNLQJRQGLIIHUHQWQXPEHURISDUDOOHOSURFHVVRUV>@

% 6WDWLVWLFDOV\QWKHWLFERXQGDU\FRQGLWLRQV
,QVWHDGRIUXQQLQJWKHPRGHOIRUWKHHQWLUH\HDUWZRVKRUWHU
SHULRGVZLWKV\QWKHWLFERXQGDU\FRQGLWLRQVDUHVLPXODWHG
$ SHULRG RI  PRQWKV LV VLPXODWHG ZLWK D V\QWKHWLF
GLVFKDUJH ERXQGDU\ FRQWDLQLQJ HYHQWV ZLWK D UHWXUQ SHULRG
HTXDOWRRUVPDOOHUWKDQ\HDU7KHGRZQVWUHDPERXQGDU\LV
DKDUPRQLFERXQGDU\ZLWKRXWVWRUPVXUJH,QWKHVHPRQWKVD
0D\ ± -XQH SHULRG LV UHSUHVHQWHG DQG DOVR D VXPPHU SHULRG
7KLVUXQLVWKHµQRUPDOGLVFKDUJH¶VFHQDULR,WLVUHSUHVHQWDWLYH
IRUWKHHQWLUH\HDULILWLVUHSHDWHGWLPHV
$OVRWKHµHYHQWVGLVFKDUJH¶VFHQDULRLVVLPXODWHG,WLVDUXQ
RIDERXWWZRZHHNVZLWKDGLVFKDUJHWLPHVHULHVWKDWFRQWDLQV
GLVFKDUJHHYHQWVZLWKUHWXUQSHULRGVRI\HDU\HDUDQG
\HDU 7KH GRZQVWUHDP ERXQGDU\ RI WKLV UXQ FRQWDLQV D VWRUP
VXUJHSHULRGDGGLWLRQDOWRWKHKDUPRQLFVLJQDO>@
7KH GRZQVWUHDP DQG XSVWUHDP V\QWKHWLF ERXQGDU\
FRQGLWLRQV DUH FDOFXODWHG E\ ,0'& 7KH PHWKRGRORJ\ LV
GHVFULEHG LQ GHWDLO LQ >@ 7KH VXUJH LV GHWHUPLQHG EDVHG RQ
PHDVXUHPHQWV IURP  WR  DW 9OLVVLQJHQ 7KH
LQGHSHQGHQWH[WUHPHHYHQWVDUHIRXQGIURPWKHWLPHVHULHVE\
WKH327VHOHFWLRQ8VLQJWKHVH327YDOXHVWKHHPSLULFDOVXUJH
FRUUHVSRQGLQJ WR 7 7 DQG 7 ZDV GHILQHG 7KH 
ODUJHVW VXUJH HYHQWV DUH WKHQ XVHG WR ILQG WKH QRUPDOL]HG
SURILOHVRIVXUJHVFDOHGIURPWR>@7KHWLPHVHULHVRIWKH
VWRUP VXUJH DUH IRXQG E\ FRPELQDWLRQ RI WKH QRUPDOL]HG
SURILOHVDQGHPSLULFDOYDOXHV)LJXUH
7KH GLVFKDUJH WLPH VHULHV IRU WKH µQRUPDO¶ DQG µHYHQWV
GLVFKDUJH¶VFHQDULRVZHUHFDOFXODWHGE\,0'&ZLWKWKHKHOSRI
' K\GURG\QDPLF PRGHOV RI WKH 6FKHOGW EDVLQ DQG LWV WLGDO
WULEXWDULHV >@ 7KH LQSXW RI WKHVH PRGHOV FRQVLVWV RI
SUHFLSLWDWLRQ WLPH VHULHV DV GHWHUPLQHG E\ WKH K\GURORJLFDO
PRGHOV7RILQGWKHWLPHVHULHVUHSUHVHQWDWLYHIRUWKH\HDU
WKHSUHFLSLWDWLRQDQGHYDSRUDWLRQGDWDDUHSHUWXUEHGWRWKH\HDU
ZLWK WKHSHUWXUEDWLRQ WRRORI.8/HXYHQ >@/RQJ WHUP
VLPXODWLRQV DUHSHUIRUPHGZLWK WKHK\GURG\QDPLFPRGHOV IRU
WKHSHULRGWR,QGHSHQGHQWHYHQWVDUHVHOHFWHGIURP
WKH WLPH VHULHV E\ WKH327 VHOHFWLRQ7KH DYHUDJHGLVFKDUJHV
GXULQJDOO0D\±-XQHSHULRGVDUHXVHGDVDWKUHVKROG%DVHGRQ
WKHVH 327 YDOXHV WKH VWDWLVWLFDO SDUDPHWHUV DUH FDOFXODWHG IRU
WKH VHW XS RI WKH UHSUHVHQWDWLYH XSVWUHDP GLVFKDUJHV 7KH
QRUPDOL]HGSURILOHVDUHIRXQGE\QRUPDOL]DWLRQVFDOLQJIURP
DQGRIDOOWKHWLPHSURILOHVRIWKHELJJHVW\HDUO\0D\±-XQH
HYHQWVDQGE\FDOFXODWLRQRIWKHDYHUDJHSURILOH7KHILQDOWLPH
VHULHV DUH PDGH E\ FRPELQDWLRQ RI WKH VWDWLVWLFDO SDUDPHWHUV
DQGQRUPDOL]HGSURILOHV
7KHµQRUPDOGLVFKDUJH¶DQGµHYHQWVGLVFKDUJH¶VFHQDULRVDUH
VLPXODWHG IRU  DQG IRU GLIIHUHQW FRPELQDWLRQV RI
DOWHUQDWLYHVDQGVFHQDULRVLQ7KHZDWHUOHYHOGLVWULEXWLRQ
LQ VSHFLILF SRLQWV UHTXLUHG IRU WKH HFRWRSH PDSSLQJ LV
REWDLQHG E\ DGGLQJ WKH  WLPHV µQRUPDO¶ DQG  WLPH µHYHQWV¶
VFHQDULRV
& $YDLODEOHGDWD
, :DWHUOHYHOV
7KHIROORZLQJ WLPHVHULHVRIZDWHU OHYHOVDUHDYDLODEOH IRU
9OLVVLQJHQ
 6WRUP VXUJH GD\V IRU WKH UHWXUQSHULRGV77
DQG7
 +DUPRQLF WLGH IRU  PRQWKV IRU  DQG 
FDOFXODWHGZLWK WKH RYHUDOO =812PRGHO D FRUUHFWLRQRI WKH
KDUPRQLFFRPSRQHQWVLVGRQH
 +DUPRQLF WLGH IRU D VKRUW SHULRG ZLWK DQ XSVWUHDP
VWRUPIRUDQG

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
)LJXUH6WRUPVXUJHDW9OLVVLQJHQ
7KHGRZQVWUHDPERXQGDU\ RI WKH 6FDOGLVPRGHO LV ORFDWHG LQ
WKH1RUWKVHD7KHUHIRUHWKHWLGHLQ9OLVVLQJHQZLOOQRWEHXVHG
GLUHFWO\ IRU WKH FDOFXODWLRQV ,QVWHDG WKH VWRUP VXUJH DW
9OLVVLQJHQ)LJXUHZLOOEHFRPELQHGZLWKDKDUPRQLFPRGHO
ERXQGDU\ FRQGLWLRQ LQ WKH 1RUWK VHD REWDLQHG IURP D
KDUPRQLF=812UXQ
,, 'LVFKDUJHV
7KH IROORZLQJ WLPH VHULHV RI GLVFKDUJH DUH DYDLODEOH IRU
5XSHO'HQGHU WULEXWDULHV RI WKH 6FKHOGW DQG 6FKHOGW /HLH
%RYHQVFKHOGH
 PRQWKVZLWKUHSUHVHQWDWLYH0D\±-XQHPRQWKDQG
VXPPHUPRQWKIRUDQG)LJXUH
 GD\VZLWKVWRUPHYHQWVIRUWKHUHWXUQSHULRG7IRU
DQG)LJXUH
 GD\VZLWKVWRUPHYHQWVIRUWKHUHWXUQSHULRG7IRU
DQG)LJXUH

,9 6&(1$5,26
$ 1RUPDOGLVFKDUJHVFHQDULR
'RZQVWUHDPERXQGDU\RIWKHµQRUPDOGLVFKDUJH¶VFHQDULRLV
DKDUPRQLFERXQGDU\ZLWKRXWVWRUPVXUJH8SVWUHDPERXQGDU\
LV D V\QWKHWLF GLVFKDUJH ERXQGDU\ FRQWDLQLQJ HYHQWV ZLWK D
UHWXUQSHULRGHTXDOWRRUVPDOOHUWKDQ\HDU
7KHVLPXODWLRQSHULRGLVPRQWKV
 PRQWKV WLPH VHULHV RI WKH KDUPRQLF WLGH ZLWKRXW VWRUP
VXUJHLVXVHGDVWKHGRZQVWUHDPERXQGDU\FRQGLWLRQPRQWKV
GLVFKDUJH WLPH VHULHV DUH XVHG DV WKH XSVWUHDP ERXQGDU\
FRQGLWLRQV
7KHPD[LPXPGLVFKDUJHRI'HQGHUWKHVHFRQGSHDNLQWKH
WLPHVHULHV)LJXUHLVH[SHFWHGKRXUVDIWHUWKHPD[LPXP
KLJKZDWHUDW9OLVVLQJHQ,0'&SHUVFRPP7KHPD[LPXP
KLJKZDWHULVVHOHFWHGEDVHGRQWKHDQDO\VLVRI\HDUKDUPRQLF
WLPH VHULHV IRU  DQG  UHVSHFWLYHO\ 7KH UHVXOWLQJ
FRPELQDWLRQRIZDWHUOHYHODQGGLVFKDUJHLVSUHVHQWHGLQ)LJXUH
IRUWKH\HDU$VLPLODUDQDO\VLVZDVGRQHIRU
'LIIHUHQW VSULQJQHDS F\FOHV DUH REVHUYHG GXULQJ WKH
VHOHFWHG  PRQWKV 7KHUHIRUH VRPH RI WKHVH WLGHV UHSUHVHQW
DYHUDJHDVWURQRPLFDOWLGH

)LJXUH6\QWKHWLFGLVFKDUJHWLPHVHULHVIRUPRQWKVIRU

)LJXUH'LVFKDUJHZLWKUHWXUQSHULRG7IRU

)LJXUH'LVFKDUJHZLWKUHWXUQSHULRG7IRU

7KHVHOHFWHGSHULRGVIRUWKHDQDO\VLVDUH
 IURP   WR   IRU WKH
FXUUHQWVWDWHUXQ
 IURP   WR   IRU WKH
UXQIRU7KUHHGD\VZLOOEHDGGHGWRWKHVHSHULRGVIRUWKH
VSLQXSRIWKHPRGHO
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

)LJXUH&RPELQDWLRQRIWKHWLPHVHULHVIRUIRUµQRUPDOGLVFKDUJH¶
VFHQDULR
% (YHQWVGLVFKDUJHVFHQDULR
7KH GRZQVWUHDP ERXQGDU\ LV D KDUPRQLF VLJQDO SOXV D
VWRUPVXUJHVLJQDO7KHW\SLFDOVWRUPVXUJHZDVGHWHUPLQHGLQ
DVWDWLVWLFDOZD\LQ>@DQGLVSUHVHQWHGLQ)LJXUH
7KH XSVWUHDP ERXQGDU\ LV D GLVFKDUJH WLPH VHULHV WKDW
FRQWDLQGLVFKDUJHHYHQWVZLWKUHWXUQSHULRGVRI\HDUDQG
\HDU
7KH VLPXODWLRQ SHULRG LV  ZHHNV RU D IHZ GD\V ORQJHU
GHSHQGLQJ RQ WKH FRPELQDWLRQ RI WKH ERXQGDU\ FRQGLWLRQV
XSVWUHDPDQGGRZQVWUHDP
, 'RZQVWUHDPERXQGDU\FRQGLWLRQ
7KH ZDWHU OHYHO DW 9OLVVLQJHQ FDOFXODWHG LQ WKH KDUPRQLF
=812UXQLVDQDO\]HGIRUWKHHQWLUH\HDUDQGDQG
WKHPD[LPXPKLJKZDWHULVIRXQG
7KH SHDN RI HDFK VWRUP VXUJH 7 7 7 VKRXOG
FRLQFLGH ZLWK KLJK ZDWHU FRQVHUYDWLYH DSSURDFK 7KH WLPH
VHULHV RI WKH7 VXUJH LV VKLIWHG VR WKDW WKHSHDNRI7 VXUJH
FRLQFLGHV ZLWK WKH KLJKHVW KLJK ZDWHU DW 9OLVVLQJHQ
  IRU WKH FXUUHQW VWDWH UXQ  
IRU  UXQ7KH VDPH VXUJH WLPH VHULHV DUH XVHG IRU 
DQG
7KHWLPHVHULHVRIWKHVXUJHVZLWKUHWXUQSHULRGV7DQG
7DUHPDGHWRFRLQFLGHZLWKKLJKZDWHUVWRR7KHVXUJHVDUH
FRPELQHGVRWKDWWKHUHDUHDERXWGD\VEHWZHHQWKHLUSHDNV
)LJXUH  7R GHFUHDVH WKH VLPXODWLRQ SHULRG ZH OHW VXUJHV
RYHUODS IRU D OLPLWHG WLPH :KHQ WKH\ RYHUODS WKH KLJKHVW
VXUJH LV WDNHQ IRU WKH FDOFXODWLRQ 7KH VXUJH VLJQDO ZLOO EH
DGGHG WR WKH KDUPRQLF ZDWHU OHYHOV WR JHW WKH GRZQVWUHDP
ERXQGDU\FRQGLWLRQRIWKH7HOHPDFPRGHO

,, 8SVWUHDPERXQGDU\FRQGLWLRQ
,Q WRWDO  GD\V RI GLVFKDUJH WLPH VHULHV DUH DYDLODEOH 
GD\VIRU7DQGGD\VIRU7UHWXUQSHULRGV
7KH PD[LPXP GLVFKDUJH DW 'HQGHU LV REVHUYHG  KRXUV
DIWHUWKHPD[LPXPVXUJHDW9OLVVLQJHQ7KHSHDNRIGLVFKDUJH
7 LV WKHUHIRUH SXW  KRXUV DIWHU WKH SHDN RI VXUJH 7 WKH
SHDNRIGLVFKDUJH7LVSXWKRXUVDIWHUWKHSHDNRIVXUJH
7


)LJXUH&RPELQDWLRQRIWKHWLPHVHULHVIRUIRUµHYHQWVGLVFKDUJH¶
VFHQDULR

:KHQ QR GDWD DUH DYDLODEOH EHWZHHQ GLVFKDUJHV 7 DQG
7 D FRQVWDQW DYHUDJH GLVFKDUJH LV XVHG XSVWUHDP 7R
GHFUHDVHWKHVLPXODWLRQSHULRGZHSXWWKHVXUJH7EHWZHHQ
VXUJHV7DQG7)LJXUH
,I WKH GRZQVWUHDP DQG XSVWUHDP ERXQGDU\ FRQGLWLRQV DUH
FRPELQHG LQ WKH ZD\ GHVFULEHG DERYH WKH IROORZLQJ SHULRGV
VKRXOGEHLQFOXGHGLQWKHDQDO\VLV
 IURPWR
 IURPWR
7KUHHGD\VZLOOEHDGGHGWRWKHVHSHULRGVIRUWKHVSLQXSRI
WKHPRGHO
& 7LGDOUDQJHVFHQDULRV
7KH PRGHO ZLOO EH XVHG WR HYDOXDWH WKH HIIHFW RI DQ
LQFUHDVHGDQGUHGXFHGWLGDODPSOLWXGHQHDU6FKHOOHDQGIXUWKHU
XSVWUHDPLQWKH8SSHU6HD6FKHOGW7KHLQFUHDVHDQGGHFUHDVH
RIWKHDPSOLWXGHZLOOEHHQIRUFHGE\FKDQJLQJWKHURXJKQHVVLQ
WKH :HVWHUQ 6FKHOGW %\ FKDQJLQJ WKH URXJKQHVV WKH WLGDO
SURSDJDWLRQ ZLOO EH LQIOXHQFHG ZLWKRXW VLPXODWLQJ VSHFLILF
PHDVXUHVLQWKHGRZQVWUHDPSDUWVRIWKHHVWXDU\HJFUHDWLQJ
DGGLWLRQDOIORRGLQJDUHDVGHHSHQLQJHWF>@
7LGDO UDQJH VFHQDULRV$$ DQG$ZLOO EHPRGHOHG ,Q
WKHVHVFHQDULRVWKHWLGDODPSOLWXGHDW6FKHOOHLVDQG
PUHVSHFWLYHO\7DEOH
$ QHFHVVDU\ FKDQJH RI WKH EHG URXJKQHVV LQ WKH:HVWHUQ
6FKHOGW LV IRXQG E\ WKH VHQVLWLYLW\ DQDO\VLV )LUVW DPRGHOHG
WLGHZLWKD WLGDO DPSOLWXGHRIPDW6FKHOOHZDV IRXQG LQ
WKHFDOLEUDWHGPRGHO UXQ$IWHUZDUGVDFRQVWDQWFKDQJHRI WKH
URXJKQHVVILHOGRIWKH:HVWHUQ6FKHOGWZDVDSSOLHGWKHDUHDLV
VKRZQLQ)LJXUH'LIIHUHQWYDOXHVRIWKHURXJKQHVVFRUUHFWLRQ
ZHUHWHVWHG)LJXUH
:KHQWKHEHGURXJKQHVVLVGHFUHDVHGE\PVWKH
WLGDODPSOLWXGHDW6FKHOOHLQFUHDVHVDQGEHFRPHVDERXWP
7KHLQFUHDVHRIWKHURXJKQHVVILHOGE\PVUHVXOWVLQ
WKHWLGDODPSOLWXGHRIDERXWPDW6FKHOOH


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6FHQDULR 7LGDODPSOLWXGHDW6FKHOOHP
$ 
$ FXUUHQWWLGDOUDQJH
$ 


)LJXUH%HGURXJKQHVVILHOGRIWKH6FDOGLVPRGHOWKHSRO\JRQLQGLFDWHVWKH
DUHDZKHUHWKHEHGURXJKQHVVLVDGDSWHG

)LJXUH3ORWRIWKHWLGDODPSOLWXGHDW6FKHOOHYVURXJKQHVVFRUUHFWLRQ
' 6HDOHYHOULVHVFHQDULRV
7KHVHD OHYHO ULVH VFHQDULRV LQ WKLV VWXG\DUHEDVHGRQ WKH
.10,FOLPDWHVFHQDULRVIRUWKH1HWKHUODQGV>@7KHIROORZLQJ
UXQVZLOOEHPRGHOHGIRU
WKH³ORZ´VFHQDULR&/FPLQ
WKH³KLJK´VFHQDULR&+FPLQ
7KHGRZQVWUHDPERXQGDU\FRQGLWLRQVIRU\HDUZLOOEH
LQFUHDVHGZLWKWKHVHYDOXHV
7KHWLGDOUDQJHVFHQDULR$ZLOOEHFRPELQHGZLWKWKHVHD
OHYHO ULVH &+7KH WLGDO UDQJH VFHQDULR$ ZLOO EH FRPELQHG
ZLWK WKH VHD OHYHO ULVH &/ 0RUH LQIRUPDWLRQ DERXW WKH
VFHQDULRVLVJLYHQLQ>@
9 &21&/86,216
7KLV SDSHU GHVFULEHV PHWKRGRORJ\ XVHG IRU WKH VFHQDULR
DQDO\VLV IRU WKH \HDU  ZLWK WKH VWDWLVWLFDO V\QWKHWLF
ERXQGDU\FRQGLWLRQV
7KH PRGHO LV GHYHORSHG DQG FDOLEUDWHG IRU  LQ WKH
7(/(0$&'VRIWZDUH$IWHUZDUGVLWLVDGDSWHGIRUWKH\HDU
 WR DQDO\VH WKH HIIHFWV RI VHYHUDO VFHQDULRV RQ WKH
K\GURG\QDPLFVVHGLPHQWWUDQVSRUWDQGHFRORJ\7KHH[SHFWHG
XQWLOFKDQJHVLQWKHEDWK\PHWU\DUHLPSOHPHQWHGLQWKH
PRGHO
)RU WKHHFRWRSHPDSSLQJ LW LVQHFHVVDU\ WRFDOFXODWHZDWHU
OHYHOIUHTXHQFLHVEDVHGRQDIXOO\HDU7ROLPLW WKHFDOFXODWLRQ
WLPHWZRVKRUWHUSHULRGVµQRUPDOGLVFKDUJH¶41DQGµHYHQWV
GLVFKDUJH¶ 4( UXQVZLWK V\QWKHWLF ERXQGDU\ FRQGLWLRQV DUH
VLPXODWHGLQVWHDGRIUXQQLQJWKHPRGHOIRUWKHHQWLUH\HDU
7KHRXWSXWRIWKH41DQG4(UXQVLVFRPELQHGWRSURGXFH
WKHWLPHVHULHVIRUHDFKSRLQWIRUDSHULRG414(ZKLFK
UHSUHVHQWV RQH \HDU 7KHVH WLPH VHULHV DUH XVHG WR FDOFXODWH
SHUFHQWLOHV RI ZDWHU OHYHOV WLGDO DPSOLWXGHV PD[LPXP DQG
DYHUDJHIORRGDQGHEEYHORFLWLHVEHGVKHDUVWUHVVHWFZKLFK
ZLOOEHXVHGIRUWKHHFRORJLFDODQDO\VLV

5()(5(1&(6
>@ ,0'&,1%28$:/0RGHOOLQJLQVWUXPHQWVIRU,QWHJUDWHG3ODQ
8SSHU6HD6FKHOGW,12''3
>@ 6PROGHUV 6 /HUR\$ 7HOHV 0-0D[LPRYD 7 9DQOHGH - 
&XOYHUWVPRGHOOLQJLQ7(/(0$&'DQG7(/(0$&'3URFHHGLQJV
RI WKHUG7(/(0$&0$6&$5(78VHU&RQIHUHQFH 2FWREHU
3DULV)UDQFH
>@ 6PROGHUV 6 0D[LPRYD 7 9DQOHGH - 9HUZDHVW 7 0RVWDHUW )
 ,QWHJUDDO 3ODQ %RYHQ]HHVFKHOGH 6XEUHSRUW  ± '
+\GURG\QDPLVFKPRGHO =HHVFKHOGH HQ:HVWHUVFKHOGH:/ 5DSSRUWHQ
B)ODQGHUV+\GUDXOLFV5HVHDUFK$QWZHUS%HOJLXP
>@ 9DQOHGH - 6PROGHUV 6 0D[LPRYD 7 7HOHV 0 -  7KH
XQVWUXFWXUHG 6FDOGLV PRGHO D QHZ ' KLJK UHVROXWLRQ PRGHO IRU
K\GURG\QDPLFVDQGVHGLPHQWWUDQVSRUWLQWKHWLGDO6FKHOGW3URFHHGLQJV
RI WKH WK ,$+5:RUOG &RQJUHVV  -XQH ±  -XO\ 7KH +DJXH WKH
1HWKHUODQGV
>@ 6PROGHUV 6 0D[LPRYD 7 9DQGHQEUXZDHQH : 9DQOHGH -
9HUZDHVW 7 0RVWDHUW )  ,QWHJUDDO 3ODQ %RYHQ]HHVFKHOGH
'HHOUDSSRUW  ± 6FDOGLV  :/ 5DSSRUWHQ B )ODQGHUV
+\GUDXOLFV5HVHDUFK$QWZHUS%HOJLXP
>@ ,0'& D 'XXU]DDP %HKHHUSODQ %RYHQ=HHVFKHOGH 'XXU]DPH
EDWK\PHWULH,5$-)$
>@ ,0'&E%HSDOHQYDQUDQGYRRUZDDUGHQYRRUGHUHIHUHQWLHVLWXDWLH
PEWGHELHWHQZDWHUVWDQG,127)5
>@ 1WHJHND9:LOOHPV3&&,+<'53HUWXUEDWLRQ7RRODFOLPDWH
FKDQJHWRROIRUJHQHUDWLQJSHUWXUEHGWLPHVHULHVIRUWKH%HOJLDQFOLPDWH
0DQXDO YHUVLRQ -DQXDU\  .8/HXYHQ ± +\GUDXOLFV 6HFWLRQ 	
5R\DO0HWHRURORJLFDO,QVWLWXWHRI%HOJLXP

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